Abstract-Zebra mussels (Dreissena polymorpha) were exposed at 12 canals and lakes situated in Flanders (Belgium), in cages for six weeks during the summer of 2002. Accumulation of polychlorinated biphenyls (PCBs), polybrominated diphenyl ethers (PBDEs), hexachlorobenzene, and trace metals were measured in the transplanted mussels and levels compared to levels in indigenous mussels. Additionally, zebra mussels were exposed at a small lake in the vicinity of Antwerp (Belgium), and accumulation of contaminants was followed for an extended period from December 2001 to April 2002. Analysis of the pollutants in the indigenous mussels showed that the selected sites displayed a wide range of pollution from near to background to very high levels of metals and/or organic contaminants when compared to the literature. For organic contaminants and for most metals, comparison of levels between caged and resident mussels revealed no significant differences. Only for cadmium and nickel, significant differences were observed, with levels being either higher (cadmium) or lower (nickel) in caged mussels. For organic contaminants, significant correlations between levels in caged and resident mussels were found with r 2 values up to 0.98. For some metals, no or poor correlations were found. At most sites, concentrations of those metals were of the same order of magnitude and comparable to levels in mussels from unpolluted sites. This might explain the absence of significant correlations. When mussels were exposed for an extended period, the concentration of some pollutants increased, whereas others decreased with time. Only in the case of certain metals did levels differ significantly because of the slow depuration of metals already present in the transplanted mussels. This is an additional indication that measured concentrations in transplanted mussels indeed reflected the local situation. With this study, we were able to prove the applicability of transplanted mussels as a biomonitoring tool for the accumulation of pollutants over a wide range of pollution.
INTRODUCTION
During the past three decades, bivalves have widely been employed as biomonitors to evaluate the water quality of aquatic ecosystems. Marine mussels such as Mytilus edulis and Mytilus galloprovincialis have been used since 1975 in monitoring programs to evaluate the bioavailability and effects of pollutants present in estuarine and coastal ecosystems [1] [2] [3] [4] [5] . Following the marine biomonitoring programs, freshwater mussels have been used since the late 1980s to monitor the quality of freshwater ecosystems. In Europe, the zebra mussel Dreissena polymorpha has been most frequently used as a freshwater bioindicator for the assessment and biomonitoring of water quality [6] [7] [8] [9] [10] . Zebra mussels fulfill the requirements of a good biomonitor for freshwater ecosystems: They are easy to collect and to handle and are available in sufficient numbers, they have a relatively long life span, they are sedentary and resistant to various types of pollution without suffering mortality, and they have a high filtration rate, which favors the bioaccumulation of both organic and inorganic contaminants [6, 8, 11, 12] . Further, zebra mussels are commonly used as biomonitors because of their ability to accumulate pollutants from both water and particulate material [13] .
Many biomonitoring studies with mussels use indigenous organisms to evaluate the accumulation or effects of pollutants.
However, the feasibility of these so-called passive biological monitoring programs (PBM) depends on the presence of resident organisms of the same species at all sites and in sufficient biomass or number of individuals. Exposure of caged, transplanted organisms combines the advantages of controlled laboratory experiments with the traditional environmental measurements [13] . With active biomonitoring (ABM), the sampling sites can be chosen and studied independently of the presence of resident indicator species. Organisms can be exposed for a time-limited period, so recent contamination can be detected. The reaction of the same species with the same life history can be investigated at all sampling sites [7, 14, 15] .
Recently, several studies have used transplanted mussels for biomonitoring purposes [14, [16] [17] [18] [19] [20] [21] . A problem with the use of transplanted organisms for accumulation or effect studies is the reliability of the results. Indigenous mussels might be acclimated or genetically adapted to the local environmental conditions, resulting in differences in accumulation or effects when compared to transplanted organisms [7] . As a consequence, comparison of the accumulation of contaminants between transplanted and indigenous aquatic organisms is needed to evaluate the applicability of caged organisms as a monitoring tool. However, this comparison has been reported in only a few studies [7, 14, 22, 23] .
The aim of this study was to evaluate the applicability of caged zebra mussels for bioaccumulation studies by comparing the accumulation of trace metals; organochlorinated contam- Fig. 1 . Map indicating the position of the sampling sites for collecting and transplanting zebra mussels: 1 to 4, 12, F8, reference site: lakes; 5 to 11: canals. Refer to Table 1 for the names of the corresponding sampling site numbers. Fig. 2 . Relative standard deviation plotted against the number of individuals to create a representative sample, for three metals in 100 zebra mussels collected at the drinking water reservoir in Duffel (Flanders, Belgium).
inants, such as polychlorinated biphenyls (PCBs), p,p-dichlorodiphenyldichloroethylene (p,pЈ-DDE), and hexachlorobenzene (HCB); and organobrominated contaminants, such as polybrominated diphenyl ethers (PBDEs), in transplanted and indigenous zebra mussels at different sites in Flanders.
Additionally, caged mussels were exposed in a small lake and tissue contaminant concentrations were followed as a function of exposure time in order to evaluate if contaminants are either accumulated or depurated from the mussel tissue and to determine how long in takes for a steady state in pollutant concentrations to be reached.
MATERIALS AND METHODS

Test organism and field exposure
Zebra mussels (D. polymorpha) were collected at the drinking water reservoir of the Antwerp Drinking Water Company (Duffel, Belgium). In a preliminary experiment, it was determined how many individuals should be pooled in order to obtain a representative sample for analysis of pollutants. This assessment involved the collection of 100 individuals from the water reservoir in June 2001. Mussels were analyzed individually for the content of the trace metals cadmium, copper, and zinc. The mean concentration of the metal in 100 mussels was considered to reflect the effective concentration from that sample. A computer program, using Monte Carlo simulations, calculated the average and the standard error of all possible combinations for a group size per metal [24, 25] . A group size is the pooled combination of different individual mussels (couples, triplets, and so on) from one sample and represents a pooled sample of two, three, or more individuals. If the effective concentration is the average of 100 mussels, a relative standard deviation can be plotted against the number of individuals. The greater the variability in accumulated metals in the mussel for a certain metal, the more individuals have to be pooled and measured for metal contents in order to obtain a representative sample with an acceptable standard error. A relative standard error of Յ10% was considered acceptable.
For the field exposure, zebra mussels were collected from the reference site in August 2002 and selected by length (17-20 mm) . Random groups of 25 individuals were placed in polyethylene cages, consisting of two attached pond baskets, Accumulation of pollutants in transplanted zebra mussel Environ. Toxicol. Chem. 23, 2004 1975 that allowed free circulation of water. The dimensions of the resulting cages are 11 ϫ 11 ϫ 22 cm with a mesh size of 2 ϫ 4 mm. Likewise, at all sites, 25 indigenous mussels of comparable length were collected and placed in cages. Cages were anchored by attaching a stone and secured with a rope and a peg to the bank. All cages were free floating at a depth of 30 cm below the water surface.
Study area and sample processing
Based on previous studies [24, 25] , 12 sites were selected in the province of Antwerp, where indigenous zebra mussels are present in sufficient numbers. The selected sites included canals (seven sites) and lakes (five sites). Figure 1 and Table  1 show the location of the sampling sites at the original collection site (henceforth referred to as the reference site). From previous studies where sediment quality was evaluated, it was clear that the sites covered a wide range of pollution, from almost background levels to very high levels of micropollutants [26] .
Three cages containing 25 mussels each were deployed in situ at each site at the beginning of August 2002. The cages were collected after six weeks of exposure, and mussels were pooled per cage and transferred to the laboratory for analyses. Additionally, zebra mussels were exposed at a small lake in the vicinity of Antwerp (Fort 8), and accumulation of contaminants was followed for an extended period from December 2001 to April 2002. At that site, three cages containing 25 mussels each were deployed. Mussels were collected after 42, 77, 98, and 126 d. Following each exposure period, five mussels from each cage were sampled and pooled for analyses.
In the laboratory, the soft body parts of the mussels were removed from the shell, byssus threats were removed, and tissue was rinsed with deionized water. The pooled mussels from the individual cages were homogenized using an UltraTurrax T8 homogenizer (Ika Labortechnik, Staufen, Germany) and divided in two subsamples: one for metal analysis and one for analysis of organic pollutants. Samples were quickly frozen in liquid nitrogen and stored at Ϫ80ЊC until analyzed.
Metal analysis
Samples for metal analysis were placed in preweighed acidwashed polypropylene vials and dried for 24 h at 60ЊC. Subsequently, the biological material was digested in a microwave oven by adding a mixture (5:1) of nitric acid (70%) and peroxic acid (30%) following the protocol as described by Blust et al. [27] . Digested samples were frozen at Ϫ20ЊC until further analysis. Silver, aluminum, arsenic, cadmium, cobalt, chromium, copper, mercury, manganese, nickel, lead, and zinc were measured in the samples with an Axial inductively coupled plasma-mass spectrophotometer (MS; Varian Liberty Series II, Victoria, Australia) equipped with a microconcentric groove nebulizer [28] . Concentrations of the metals in the tissues were calculated on a dry-weight basis and expressed as g/g. Analytical accuracy was determined using certified reference material of the Community Bureau of Reference of the European Commission (Geel, Belgium), standard for trace elements in river sediment, and Certified Reference Material 320 (CRM 320) and mussel tissue (CRM 278). Recoveries were within 10% of the certified values.
Organic pollutants
All individual standards of PCBs and pesticides were obtained from Dr. Ehrenstorfer Laboratories (Augsburg, Germany), while PBDE standards were purchased from Wellington Laboratories (Guelph, ON, Canada). Acetone, n-hexane, dichloromethane, and iso-octane were of pesticide grade (Merck, Darmstadt, Germany). Anhydrous sodium sulfate and silica gel (Merck) were used after heating overnight at 120ЊC. An accelerated Soxhlet extractor B-811 (Buchi, Zurich, Switzerland) was used for the extraction of target compounds from tissues. The following organohalogenated pollutants were determined in mussel tissue: hexachlorobenzene (HCB); hexachlorocyclohexanes (␣- [29] and are briefly described in the following.
The sample (usually between 1 and 4 g) was ground with 5 to 8 g anhydrous sodium sulfate until a fine powder was obtained and placed into the extraction thimble. The internal standards (PCB46, PCB143, -HCH, polybrominated biphenyls BB80 and BB155) were added to the powder, and then the sample was extracted with 100 ml n-hexane/acetone (3:1, v/v) in the hot Soxhlet extraction mode for 2 h. The lipid content of each sample was determined on an aliquot of the extract by evaporating the solvent at 105ЊC for 12 h. The remaining extract was cleaned up in a 8 g acidified silica (40% concentrated sulfuric acid, w/w) column. The analytes were eluted with 25 ml hexane:dichloromethane (1:1, v/v). The eluate was concentrated and the volume finally reduced to 100 l using a gentle nitrogen gas stream.
Organo-chloro pesticides and PCBs. A gas chromatograph (GC) with electron capture detection (ECD; Hewlett Packard, Avondale, PA, USA; GC-ECD) was equipped with a 25-m ϫ 0.22-mm ϫ 0.25-m high-temperature (HT)-8 capillary column. A 1-l sample was injected in pulsed splitless mode with the spilt valve opened after 1 min. The injector and detector temperatures were 290 and 320ЊC, respectively. Helium was used as carrier gas (1 ml/min) and Ar/CH 4 as makeup gas (40 ml/min). The temperature program of the GC oven started at 90ЊC, hold for 1 min, and then with 15ЊC/min to 180ЊC, hold for 1 min, then with 3ЊC/min to 250ЊC and further by 15ЊC/ min to 290ЊC, hold for 6 min. Method limits of detection (LOD) for individual PCB congeners ranged between 0.03 and 0.80 ng/g wet weight. For HCB and p,pЈ-DDE, LODs were 0.23 and 0.63 ng/g wet weight, respectively. Recoveries of target compounds ranged between 72 and 80%.
PBDEs. An HP 6890/5973 GC/MS was used in electron capture negative ionization mode. The system was equipped with a 25-m ϫ 0.22-mm ϫ 0.25-m HT-8 capillary (1,7-dicarba-closo-dodecarborane 8% phenyl methyl siloxane) column. The ion source, quadrupole, and interface temperatures were 250, 150, and 300ЊC, respectively. Helium was used as carrier gas at constant flow (1.0 ml/min). The quadrupole mass spectrometer was operated in the selected-ion monitoring mode, and the electron multiplier voltage was set at 2,100 V. One microliter of the extract was injected in solvent vent mode (injector temperature at 90ЊC, hold 0.05 min, then heated with 700ЊC/min to 280ЊC, vent time 0.03 min, vent flow 100 ml/ min). The splitless time was 1.50 min. The temperature of the HT-8 column was programmed from 90ЊC, hold for 1.5 min, then with 30ЊC/min to 180ЊC, hold for 0.5 min, then with 5ЊC/ min to 270ЊC, hold 0.5 min, and finally with 25ЊC/min to 290ЊC, hold 15 min. Dwell times were set to 25 ms. Ions m/ z 79 and 81 were monitored for the entire run. The LOD for individual BDE congeners ranged between 0.01 and 0.02 ng/ g wet weight. Recoveries of target compounds ranged between 75 and 90%. Quality assurance. Multilevel calibration curves were created for the quantification, and good linearity (r 2 Ͼ 0.999) was achieved for tested intervals that included the whole concentration range found in samples. The analyte identification was based on their relative retention times to the internal standard used for quantification (for ECD) and on retention times, ion chromatograms, and intensity ratios of the monitored ions (for GC/MS). A deviation of the ion intensity ratios within 20% of the mean values of the calibration standards was considered acceptable. Peak area ratios (analyte response/internal standard response) were plotted against the concentration ratios (analyte concentration/internal standard concentration). The method performance was assessed through rigorous internal quality control that included daily check of calibration curves and regular analysis of procedural blanks and certified material CRM 349 (PCBs in cod liver oil). For the certified material, the standard deviation of PCB congeners numbers 28, 52, 101, 118, 153, and 180 at concentrations of 22.5, 62.0, 164.0, 142.0, 317.0, and 73.0 ng/g were 2.0, 0.6, 3.0, 2.2, 13.1, and 2.6 ng/ g, respectively. For PBDEs, participation in the second interlaboratory test on PBDE showed a variation of less than 10% from mean values obtained from 42 participating laboratories [30] .
Statistics
All data were tested for homogeneity of variance by the log analysis of variance test and for normality by the Kolmogorov-Smirnov test for goodness of fit. All data proved to be normally distributed.
A t test for dependent samples was applied to test for significant differences in pollutant concentrations between transplanted and resident mussels. Significance levels of tests are indicated by asterisks according to the following probability ranges: * p Յ 0.05; ** p Յ 0.01; *** p Յ 0.001. Statistical methods used are outlined in Sokal and Rohlf [31] . Pearson's correlation was used to test correlations in accumulation of contaminants between transplanted and resident mussels. When the concentration of a pollutant was below the LOD, a value of LOD/2 was used for the calculation of the means and for the summation of the congeners [32, 33] . However, this was applied to only a limited number of readings since in most cases the concentrations were above detection limits. Spatial comparisons on organic concentrations were carried out using a one-way analysis of variance with Tukey's honestly significant difference post hoc test. All statistical analyses were performed using the software package Statistica (StatSoft, Tulsa, OK, USA). Figure 2 gives the relative standard deviation of three metal concentrations in zebra mussels, collected at the drinking water reservoir, plotted against the number of individuals to create a representative sample. The mean metal levels measured were 8.0, 10.0, and 106.5 g/g for Cd, Cu, and Zn, respectively. For all three metals, it was clear that 15 pooled individuals suffice to provide a representative sample with a relative standard deviation of lower than 10%. For the analysis of micropollutants, 25 individuals from each cage were pooled.
RESULTS
Concentrations of organic pollutants in zebra mussels
Concentrations of HCHs (three isomers), p,pЈ-DDD, and p,pЈ-DDT were below the limit of detection and therefore not included in further calculations.
The average concentrations of PCBs, organo-chloro pesticides, and PBDEs in indigenous zebra mussels at the different sites, including the reference site, are given in Table 2 . At most sites, all individual PCB congeners were detectable in mussel tissue. The sampled sites covered a broad range of ⌺ PCB concentrations in mussels, ranging from 6.21 to 102 ng/g wet weight. Both HCB and p,pЈ-DDE were also detectable in mussels from most sites, with mean values ranging from below detection limits to 0.58 ng/g wet wt for HCB and from below detection limits to 6.55 ng/g wet weight for p,pЈ-DDE. In the case of the PBDEs, at most sites all individual PBDE congeners were detectable in mussel tissue, with the mean ⌺ PBDE concentration ranging from 0.15 to 1.82 ng/g wet weight. The PBDE congeners 28 and 66, however, were below detection limit at most sites. From Table 3 , it is evident that levels of organic pollutants in mussels from the reference site were relatively high and for some congeners even among the highest measured. Figure 3 compares the levels of mean organic pollutants in residence with caged mussels for, respectively, ⌺ PCB (Fig.  3a) , ⌺ PBDE (Fig. 3b) , p,pЈ-DDE (Fig. 3c) , and HCB (Fig.  3d) concentrations. No significant differences were found between indigenous and transplanted mussels when all sites were tested together with a paired t test (Table 3) . Levels in indigenous mussels were also highly significantly correlated with levels measured in transplanted mussels ( Table 3 ). The individual PCB and PBDE congeners were also not significantly different between indigenous and transplanted mussels when tested with paired t tests for dependent samples ( Table 3) . As with the ⌺ PCB and the ⌺ PBDE, highly significant correlations were found between indigenous and transplanted mussels for the individual congeners (Table 3) . Only in two cases, that is, for PBDE congener 85 and 183, were no significant correlations found. However, concentrations of both congeners were very low. Since no significant differences were found between indigenous and transplanted mussels, the cages were considered as replicates, and the levels of the pollutants among the sites were compared with a one-way analysis of variance. For all organic components measured, significant differences among sites were observed. The highest levels of organic pollutants were measured in zebra mussels from Zennegat and Lake Weerde. Lowest levels were measured in zebra mussels from the Lake Niel.
Concentrations of metals in zebra mussels
The average concentrations of metals in indigenous zebra mussels, including the reference site, at the different sites are given in Table 4 . At all sites, levels of all metals were detectable in zebra mussel, with the exception of Hg at the reference site.
The least contaminated sites were site 3, with the exception of arsenic, and site 12. The sites with the highest metal concentrations were sites 5, 7, and 9. At the reference site, cad- mium levels in zebra mussel were also relatively high when compared to the contaminated sites. When transplanted mussels were compared with indigenous mussels, significant differences were found for Cd and Ni. In most cases, the levels of Cd in caged mussels were higher compared to the resident mussels (Fig. 4a) . For Ni, the opposite was observed (Fig. 4b) . For the other metals, concentrations in transplanted mussels did not differ significantly from concentrations in indigenous mussels (Table 5 ). When correlating the metal levels between indigenous and transplanted mussels, significant correlations were found for Al, As, Cd, Co, Cr, Hg, Mn, and Pb (Table 5) .
Exposure of zebra mussels as a function of time Figure 5 gives the concentration of contaminants in transplanted mussels from Fort 8 as a function of time for ⌺ PCB, HCB, and p,pЈ-DDE. The concentration of ⌺ PCB appeared to remain constant over the exposure period. However, analysis of covariance of the individual congeners showed that the concentrations of PCBs 110 and 105 remained constant, whereas the concentrations of congeners 28, 52, 99, 101, and 118  increased and 153, 187, 183, 180, 199, 194, 138 , and 170 decreased as a function of time. Figure 6 shows the increasing trend for PCB congener 52 and the decreasing trend for PCB congener 194. Concentrations of HCB decreased to below detection limits, while p,pЈ-DDE increased over time.
With respect to trace metals, the analysis of covariance showed that the concentrations of Ag, Al, Co, and Cr remained constant, whereas As, Cd, Mn, Ni, and Pb increased and Cu, 
Hg, and Zn decreased as a function of time. Figure 7 provides the changes in Cd, As, and Zn concentrations over time.
DISCUSSION
Intrasite variation in metal concentrations in zebra mussels was relatively low. When 100 mussels were collected at the Antwerpse Water Werken drinking water reservoir and analyzed individually, with Monte Carlo simulation, it appeared that the pooling of 15 individuals was sufficient to obtain a relative standard deviation of less than 10% for the tissue levels of two essential and one nonessential metal. Since this is based on only three metals and no organic pollutants, a safety margin was applied by pooling 25 individuals, assuming that the intrasite variation for all measured compounds was covered. This assumption is supported by the fact that, as shown in Tables  2 and 4 , variation in organic contaminants in zebra mussels is lower compared to variation in metal concentrations.
In the present study, 12 sites were selected, covering a broad range of type and concentration of contaminants. This was reflected in the levels measured in the indigenous zebra mussels. When compared to the literature, PCB levels for all congeners and p,pЈ-DDE levels measured in mussels from sites 2, 3, and 4 were low, whereas relatively high levels were measured in mussels from sites 1, 6, 11, and 12 [8, [34] [35] [36] [37] [38] [39] . For the other sites, PCB and p,pЈ-DDE levels were moderate. Levels of HCB were below detection limits at sites 2, 3, 4, and 12 and were high only at the reference site and moderate at the other sites [8, 34, 35] . Only two studies were found where PBDEs were measured in zebra mussels [8, 40] , and the only targeted congeners were BDE 47, 99, and 153, which could be compared with our results. Only for congeners 47 and 99 were relatively high levels measured in mussels from site 4 and 12, whereas levels in mussels from site 3 were low.
When compared to the literature, low levels for all metals were measured at sites 3 and 12. At sites 5, 7, and 9, Cd and Pb levels were among the highest ever reported in the literature for zebra mussels. For the other sites, metal levels were moderate [7, 8, 10, 14, 19, 36, 41, 42] . At the reference site, Cd levels in mussels reached up to 8.8 g/g dry weight, which can be considered high when compared to the literature. For the other metals, levels were comparable to levels in zebra mussels from uncontaminated sites [8] .
The bioaccumulation of 12 inorganic and 28 organic micropollutants were compared between caged and resident mussels. For none of the organic compounds, no significant differences between caged and resident mussels were found for any of the organic compounds. Moreover, for all PCB congeners, HCB, p,pЈ-DDE, and most PBDEs, highly significant correlations were found, with r values ranging from 0.736 to 0.991. Only two PBDE congeners (85 and 183) did not correlate significantly. In both cases however, levels in all samples were just within detection limits. For metals, significant differences were found for Cd and Ni. The significant difference in Cd concentrations is probably due to the fact that levels in zebra mussel from the reference site, used as source for translocation, were already high. The Cd levels in caged mussels were in the same order of magnitude at all sites and comparable to the concentrations when initially deployed. It is likely that exposure time was not long enough for Cd depuration to take place from the mussel tissues. This is supported by the observation that in the long-term experiment, Cd levels were still high after six weeks at the unpolluted site when compared to the levels when the mussels were deployed (Fig. 5) . After 18 weeks, however, approximately 60% of the Cd was eliminated from the mussel tissue. Chong and Wang [43] found the elimination of Cd and Cr from the tissue of the clam Ruditapes philippinarum to be a very slow process. This could possibly also be the reason for the differences in Ni concentrations between the resident and transplanted mussels. Correlations in metal levels between resident and caged mussels were absent for Ag, Co, Cr, Cu, Hg, Ni, and Zn and poor for Al. At most sites, concentrations of these metals were of the same order of magnitude and comparable to levels in mussels from unpolluted sites. This might explain the absence of significant correlations. A limited number of studies have compared accumulation of pollutants between resident and transplanted organisms. Mersch et al. [8] compared accumulation of Cu between indigenous and transplanted zebra mussel and found comparable levels in both groups. However, they exposed mussels from three different sites to only one Cu-contaminated site. Camusso et al. [14] measured levels of Zn, Cd, Cu, and Ni in transplanted mussels at one site in the Po River and found the levels to be comparable to levels in the native mussels. Booij et al. [22] compared concentrations of PCBs and PBDEs in blue mussel (Mytilus edulis) between indigenous and transplanted mussels at one site in the North Sea. Although mussels were exposed for 42 d, concentrations in transplanted mussels were up to 2 and 10 times lower than in indigenous mussels for PCBs and PBDEs, respectively. The ratio of exposed to native concentrations decreased with increasing log K ow . The equilibrium time for PBDEs seemed to be longer than for PCBs. A better correlation between caged and indigenous mussels for PCBs than for PBDEs was also found in this study. However, in none of the cases were significant differences or a trend toward lower levels in transplanted mussels found. Riedel and ValetteSilver [23] did not find significant differences in concentration of As in transplanted versus indigenous oysters (Crassostrea virginica).
From the results of the long-term exposure experiment, it was clear that the concentration of some pollutants increased, whereas others decreased with time. Only for two PCBs and for most metals did levels of contaminants not change as a function of time. The levels of some PCB congeners, some metals, and HCB in mussels from the reference site are relatively high. For several of the organic pollutants, levels in mussels decreased relatively rapidly over time, and equilibrium was reached between 6 and 10 weeks. The HCB levels decreased to just within detection limits. Morrison et al. [34] studied the elimination rate of 36 PCB congeners in zebra mussels, including all congeners with the exception of 156 and 199, that were measured in this study. They found that at a temperature of 13.5 Ϯ 0.25ЊC, concentrations of all con- geners declined rapidly. In their study, the elimination rate declined with increasing log K ow . The depuration rate constant of PCBs in M. edulis also decreased with increasing log K ow [44] . In contrast, concentrations of congeners with the lowest log K ow (28 and 52) remained constant or increased, whereas concentrations of congeners with the highest log K ow (180 and 194) decreased in time. This is a strong indication that the measured concentrations indeed reflected the local situation. Also, it was strongly indicated for metals that after the exposure period, measured metals reflect local contamination. Moreover, mussels were initially deployed in winter at water temperatures near 0ЊC. In the case of the pollutants that remained constant, the environmental levels at the exposure site were probably low and comparable to the environmental levels at the reference site.
CONCLUSION
To our knowledge this is the first study in which an extensive evaluation was made of the applicability of caged zebra mussel for accumulation studies of a large number of micropollutants. The results showed that transplanted zebra mussels exposed for a period of six weeks in summer accumulated micropollutants up to a level comparable to the levels measured in resident mussels. Since levels measured in the zebra mussels covered a very broad range of pollution when compared to the literature, it can be concluded that the use of caged mussels can be applied at both polluted and unpolluted sites. Only in the case of some metals did levels differ significantly. This was attributed to the slow depuration of these metals already present in the mussel tissue. To avoid this problem, either a cleaner reference site has to be selected or a long enough depuration period in the laboratory prior to deployment should be included.
